Recent studies of the dimorphic fungal pathogens Histoplasma capsulatum and Paracoccidioides brasiliensis have suggested a role in virulence for the cell surface carbohydrate a-(1,3)-glucan. To investigate a possible basis for a-(1,3)-glucan in the pathogenicity and virulence of the dimorphic fungus Blastomyces dermatitidis, we examined three genetically related strains of B. dermatitidis that differ in their virulence for mice: wild-type virulent strain ATCC 26199; mutant strain ATCC 60915, which is 10,000-fold reduced in virulence; and mutant strain ATCC 60916, which is avirulent. Immunologic quantitation of cell wall a-(1,3)-glucan revealed that the mutant yeasts were almost devoid of this sugar moiety, in contrast to the high concentration of a-(1,3)-glucan on the cell wall of the wild-type yeasts. These differences are discussed in relation to previous studies of yeast surface expression of the WI-i antigen and recognition and binding of the related strains by human monocyte-derived macrophages.
Blastomyces dermatitidis is a thermal dimorphic fungus that can be isolated from soil (3, 4, 9) . When the soil is disturbed, aerosolized conidia and hyphal fragments are inhaled by mammals, primarily humans and dogs, and lodge in the lungs, converting to the pathogenic yeast form at 37°C. The yeast typically causes a chronically progressive pneumonia but is also capable of disseminating to the skin, bones, genitourinary tract, and brain. B. dermatitidis is mainly a primary pathogen endowed with the ability to invade and cause disease in otherwise normal hosts. Conversion to the yeast form confers a highly selective advantage on survival of the organism (6) , but the factors that account for its pathogenicity and virulence remain unknown.
DiSalvo and Denton studied four genetically unrelated strains with differing virulence in mice and found a proportionately higher lipid (but not phospholipid) content in yeast cells of the more virulent strains (5). Cox and Best (2) studied two genetically unrelated strains with differing virulence in mice and found 20-fold more phospholipid associated with the a-linked glucan of the more virulent strain. The disparity between the results of these studies may, in part, reflect the unrelatedness of the isolates studied and the differences in the cell fraction studied.
In the present study, we investigated three genetically related strains of B. dermatitidis. The wild-type isolate, strain ATCC 26199, was initially isolated from a patient and is highly virulent in mice (8) lence for mice (1) , and ATCC strain 60916 is completely avirulent (12) . When the yeasts are inoculated intranasally into mice, the number of wild-type cells in the lungs increases 10-fold by 48 h postinfection, whereas the mutants are completely eliminated (1) . Scanning electron microscopy shows that wild-type and mutant isolates differ markedly in appearance: the surface of wild-type yeasts is rough, whereas the surfaces of the mutants are smooth (1) .
The difference in surface roughness between the virulent and avirulent strains of B. dermatitidis is reminiscent of recently isolated smooth colony variants of Histoplasma capsulatum. Smooth variants of H. capsulatum have both reduced surface carbohydrate ot-(1,3)-glucan and reduced virulence in mice (11) . A decrease in a-(1,3)-glucan content from 45 to 3% is also described for an attenuated mutant of Paracoccidioides brasiliensis that arose spontaneously by in vitro passage (13) . We therefore investigated surface a-(1,3)-glucan in the genetically related strains of B. dermatitidis by using specific monoclonal antibodies (MAbs).
Methods. Strains of B. dernatitidis studied were purchased from the American Type Culture Collection and maintained in the yeast form on Middlebrook 7H10 agar slants with oleic acid-albumin complex (Sigma Chemical Co., St. Louis, Mo.) at 370C.
MAb MOPC 104e (Sigma) was used at a dilution of 1:20 to quantify surface a-(1,3)-glucan expression on the strains (11 The relative quantity of a-(1,3)-glucan on the yeast surface of these three strains, when measured by flow cytometry (Fig.  2 Loss of expression of cx-(1,3)-glucan on P. brasiliensis yeasts can be partially restored by growth of the fungus in fetal calf serum (14) . However, growth of the B. dermatitidis mutants for 1 week in brain heart infusion broth containing 15% fetal calf serum did not restore surface oa-(1,3)-glucan staining (data not shown). In vivo passage of the P. brasiliensis mutant in hamsters restores some production of a-(1,3)-glucan (from 3 to 19.9%) and restores virulence. In previous work by Brass et staining by increased expression of WI-1 or other surface molecules. Either mechanism indicates a major alteration in the yeast cell wall architecture accompanying loss of virulence and enhanced binding to human monocyte-derived macrophages. It should be noted that some chemotypes of H. capsulatum have greatly decreased ot-(1,3)-glucan content but are still virulent (7) . Likewise, we have found that not all avirulent strains of B. dermatitidis lack staining with the ot-(1,3)-glucan-specific MAb (data not shown). B. dermatitidis ATCC 26198 (KL-1) does not stain with MOPC 104e. KL-1 was a virulent soil isolate as originally described but has lost virulence over time. The isolate of KL-1 deposited as ATCC 26198 is reported to be avirulent in a mouse model (12 
